DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 REVIEW DATE: 11/15/99
High Dose Linezolid (>>1g/day)

Table 20. Pathogen and clinical outcome at test of cure for urinary tract infections treated
With linezolid (high dose >1g/day) by organism and MIC

Base-line Base-line Pathogen Qutcome n (%) Clinical Outcome n (%)
Pathogen . linezolid Eradication Non-Eradication Cured Failed
MIC (ug/mL) '
S. aureus .
Oxaciilin resis 2 : 1(100) 1 (100)
E. faecalis
Vancomycin sus 1 1 (100) 1 (100)
E. faecium
Vancomycin sus 2 1 (100) _ 1 (100)
Vancomycin resis 1 4 (100) _ 4 (100)
2 4 (100) ~ 4(100)
4 1 (100) ~1(100)
Total 9 (100) 9 9100)
GRAND TOTAL 11 (92) 1(8) 11 (92) 1(8)

APPEARS THIS WAY
ON ORIGINAL
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 REVIEW DATE: 11/15/99

Table 21. Pathogen and clinical outcome at test of cure for urinary tract infections treated
with linezolid (high dose >1g/day) by organism and zone size

Pathogen Baseline Pathogen Outcome Clinical Outcome
Zone Eradicated Non-Eradicated Cured Failed
Size n (%) n (%) n (%) n (%)
S. aureus . :
Oxacillin resis 25 _ 1(100) 1 (100)
E. fagcalis
Vancomycin sus 28 1.(100) 1(100)
E. faecium .
Vancomycin sus 28 1 (100) 1 (100)
Vancomycin resis 20 1 (100) 1 (100)
26 2 (100) 2(100)
27 2 (100) 1 (50) 1 (50)
28 1(100) 1(100)
. 30 3 (100) . 3(100)
Total 9 (100) 8 (89) 1(11)
Grand Total for C
Enterococcus spp. 11 (100) 10 (91) 1(9)
APPEARS THIS WAY
ON ORIGINAL
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 REVIEW DATE: 11/15/99

Low Dose Linezolid (<1g/day)

Table 22. Pathogen and Clinical Outcome at Test of Cure for Urinary Tract Infections Treated
‘ With Linezolid (Low Dose <1g/day) by Organism and MIC

Base-line Base-line Pathogen Outcome n (%) Clinical Outcome n (%)
Pathogen linezolid Eradication Non-Eradication Cured Failed
MIC (ug/mL)
E. faecalis
Vancomycin sus 1 1 (100) 1 (100)
' 2 1 (100) . 1(100)
E. faecium '
Vancomycin resis 1 3(75) 1 (25) 4 (100)
2 5(50) 5 (50) 6 (60) 4 (40)
Missing 1(100) 1(100) :
GRAND TOTAL | 10 (59) 6 (41) 12 (75) 5 (25)
APPEARS THIS WAY
ON ORIGINAL
APPEARS THIS way
ON ORIGINAL
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#:-I REVIEW DATE: 11/15/99

Table 23. Pathogen and clinical outcome at test of cure for urinary tract infections
treated with linezolid (low dose <1g/day) by organism and zone size

Pathogen Baseline Pathogen Qutcome Clinical Qutcome
Zone Eradicated Non-Eradicated Cured Failed
Size n (%) n (%) n (%) n (%)
E. faecalis _
Vancomycin sus 25 1(100) 1(100)
: 27 1(100) 1(100) '
Total 2 (100) 1 (50) 1(50)
E. faecium
Missing 1(100) 1(100)
Vancomycin resis 23 1 (100) 1 (100)
24 1(100) 1 (100)
25 1 (100) 1(100)
28 1(50) 1 (50) 2(100)
29 3 (100) ‘ 3 (100)
30 3(75) 1(25) 2 (50) 2 (50)
31 1 (100) 1(100)
32 . 1(100) 1 (100)
Total 9 (60) 6 (40) 11(73) 4 (27)
Grand Total
E. faecalis +
E. faecium 11 (65) 6 (35) 12 (71) 5 (29)

APPEARS THIS WAY
~ ON ORIGINAL
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 " REVIEW DATE: 11/15/99

ALL INDICATIONS RESULTS

The following tables are a compilation of data from the pneumonia studies, skin and soft tissue
infections and urinary tract infections. The data is broken down into the high and low dose study
results. The low dose study results do not include data from pneumonia studies since a low dose
arm was not part of the clinical study.

High Dose (>1g/day): Studies encompassed in high dose results — 31, 33, 484, 51, 54A, and 55

APPEARS THIS way
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 REVIEW DATE: 11/15/99

Table 24. Overall indications results for linezolid (high dose >1g/day) by organism and MIC

. Base line Base line Pathogen Qutcome n (%) Clinical Qutcome n (%)
Pathogen linezolid Eradication Non Eradication Cured " Failed
MIC (ug/mL) ‘
S. aureus
Oxacillin sus 1 17 (100) 17 (100)
2 67 (84.5) 12 (15.2) 66 (83.5) 13 (16.5)
4 36 (87.8) 5(12.2) 35 (85.4) . 6(14.9)
Total - Oxac sus 120 (88) 17 (12) 118 (86) 19 (14)
Oxacillin resis 1 7 (77.8) 2(22.2) 8 (88.9) 1(1.1)
' 2 30 (65.2) 16 (34.8) 33(71.7) 13 (28.3)
4 14 (51.9) 13 (48.1) 17 (63.1) 10 (37)
8 1 (100) 1 (100) :
Total - Oxac resis 52 (63) 31(37) 60 (71) 24 (29)
Missing 1 (100) . 1.(100)
S. aureus
Oxacillin - sus 2 1 (100) 1 (100)
Oxacillin - resis 4 1 (100) 1 (100)
TOTALS 174 (78) 49 (22) 180 (80) 44 (20)
S. epidermidis _
Oxacillin - sus 0.5 4(100) _ 3 (100)
1 7 (100) 7(100)
2 6 (100) _ 6 (100)
Total 17 (100) 16 (100)
Oxacillin - resis 0.5 1(100) . 1 (100)
1 4 (66.7) 2(33.3) 3 (50) 3 (50)
2 3(75) - 1(29) 4 (100)
Total - "8(73) 3(27) 8 (73) 3(27)
TOTALS 25 (89) 3(11) 24 (89) 3(11)
E. faecalis
Vancomycin - sus 1 2(2856) 5(71.4) 2(33.3) 1iIndet 4(66.7)
2 5(83.3) 1(16.7) 3(60) 2 (40)

Total g 7 (54) 6 (46) 5 (45) 6 (55)
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-=520)
CLINICAL MICROBIOLOGY REVIEW
NDA#: 21-131 REVIEW#: 1 REVIEW DATE: _11/15/99
Vancomycin - resis 1 1(100) - 1(100)
1 (100) 1(100)
Total 1 (50) 1(50) 2 (100)
TOTALS 8 (53) 7 (47) 7 (54) 6 (46)
E. faecium
Vancomycin - sus 2 2 (66.7) 1(33.3) 2 (66.7) 1(33.3)
. 4 1 (100) 1(100)
Total _ 3(79) 1(25) 3(75) 1(25)
Vancomycin - resis 1 9(90) 1(10) 9 (90) 1(10)
‘ 2 . 18 (90) 2(10) 18 (90) 2(10)
4 1 (50) 1(50) 1 (50) 1 (50)
Total . 28 (88)- 4(12) 28 (88) 4 (12)
TOTALS 31(94) 5 (6) 31 (94) ' 5(6)
S. pneumoniae |
Penicillin sus 0.125 1(100) " 1(100)
0.25 4 (80) 1(20) 4 (80) 1(20)
0.5 25 (92.6) 2(7.4) 25 (92.6) 2(7.4)
1 50 (94.3) 3(5.7) 50 (94.3) 3(5.7)
2 1(100) 1 (100)
Total - sus oo 81 (93) 6 (7.0) 81 (93) 6 (7.0)
Penicillin Inter 0.5 | 2(66.7) 1(33.3) 2(66.7) 1(33.3)
1 8 (88.9) 1(11.1) 8 (88.9) 1(11.1)
2 1 (100) 1 (100)
Total- Inter 10 (77) 3(23) 10 (77) 3(23)
Penicillin - res 1 4 (80) 1(20) 4 (80) 1(20)
4 1 (100) 1 (100)
Total - res 5(83) 1(17) 5(83) 1(17)
Missing 1(100) 1 (100)
TOTALS - .
sus,inter, res _ 97 (91) 10(9) 97 (91) " 10(9)
S. pneumoniae
Ceftriaxone - sus 0.125 1 (100) 1 (100)
0.25 4 (80) 1(20) 4 (80) 1(20)
0.5 27 (90) 3(10) 27 (90) 3(10)
1 52 (92.9) 4(7.1) 52 (92.9) 4(7.1)
2 1(100) 1 (100)
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 ' REVIEW DATE: 11/15/99
4 1(100) 10100
Total Ceftri - sus 86 (94) 8 (6) 86 (94) 8 (6)
Ceftriaxone - Inter 1 9 (90) 1'(10) 9(90) - 1(10)
2 1(100) 1(100)
Total Ceftri - Inter 9(82) 2(18) 9 (82) 2 (18)
Ceftriaxone - res 1 1 (100) 1 (100)
TOTALS
sus, inter, res 96 (91) 10 (9) 96 (91) 10 (9)
S. agalactiae :
Penicillin - sus 1 8 (89) 1(11) 9 (100) .
S. pyogenes
Penicillin - sus .0.125 1(100) 1 (100)
1 22 (78.6) 6(21.4) 22 (78.6) 6 (21.4)
2 1(50) 1(50) 1(50) 1(50)
Total 24 (77.4) 7(22.4) 124 (77.4) 7 (22.4)
Penicillin - inter 1 1 (100) 1 (100)
TOTALS 25 (78) 7 (22) 25 (78) 7(22)
GRAND TOTAL
All Organisms 368 (82) 82 (18) 373 (83) 75 (17)

Sus = susceptible, Inter = intermediate, Res = resistant

APPEARS THIS WAY
ON ORIGINAL
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

. NDA#: 21-131 REVIEW#: 1 REVIEW DATE: 11/15/99

Table 25. Overall indications results for linezolid (high dose > 1 g/day) by organism and

zZone size
Pathogen Baseline Pathogen Qutcome Clinical Outcome
Zone Eradicated Non-Eradicated  Cured Failed
Size n (%) n (%) n (%) n (%)
S. aureus ~ Missing 1 (100) 1 (100) '
Oxacillin sus 1(50) 1 (50) 1 (50) 1 (50)
: 22 2 (100) 2 (100) '
23 3(100) 3(100)
24 11 (84.6) 2(15.4) 9 (69.2) 4 (30.8)
25 11 (78.6) 3(21.4) 11 (78.6) 3(21.4)
26 13(92.9) 1(7.1) 13 (92.9) 1(7.1)
27 13 (100) 13 (100)
28 11(91.7) 1(8.3) 11 (91.7) 1(8.3)
29 7 (100) 7 (100)
30 9 (81.8) 2(18.2) 9(81.8) 2(18.2)
31 7 (64) 4 (36) 7 (64) 4 (30)
32 12 (80) 3(20) 12 (80) 3 (20)
33 3(75) 1(25) 3(79) 1(25)
34 9 (100) 9 (100)
35 1(100) 1(100)
36 2 (100) c 2 (100)
37 3 (100) 3(100)
38 2 (100) 2(100)
Total 121 (87) 18 (13) 119 (86) 20 (14)
Oxacillin resis 2 (50) 2 (50) 2 (50) 2 (50)
22 2 (66.7) 1(33.3) . 3(100)
23 ) 2 (100) 1 (50) 1 (50)
24 5(62.5) 3 (37.5) 5 (62.5) 3(37.5)
25 4 (57.1) 3 (42.9) 4(57.1) 3429)
26 3 (50) 3 (50) 4 (66.7) 2(33.3)
27 6 (66.7) 3(33.3) 8 (88.8) 1(11.1)
28 2(33.3) 4 (66.7) 2(33.3) 4 (66.7)
29 2(66.7) 1(33.3) 3(100)
30 10 (71.4) 4 (28.6) 11 (78.6) 3(21.4)
31 3 (100) 3(100) )
32 6 (66.7) 3(33.3) 6 (66.7) 3(33.3)
33 1 (100) 1 (100)
34 1(100) 1(100)
36 1 (50) 1 (50) 1(50) 1(50)
39 1(100) 1 (100)
Total 49 (62) 30 (38) 56 (71) 23 (29)
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- : DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
' CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 - REVIEW DATE: 11/15/99
Total - sus + resis 170 (78) 48 (22) 175 (80) . 43 (20)
S. epidermidis
Oxacillin sus 28 1 (100) 1 (100)
29 2 (200) 2 (100)
30 3 (100) 3(100)
3 1 (100) 1 (100)
32 1 (100) 1 (100)
33 1 Indet 1 (100)
35 3 (100) 3 (100)
36 1(100) 1 (100)
38 2(100) 2(100)
40 2 (100) 2 (100)
Total 17 (100) 17 (100)
Oxacillin resis 24 1 (100) 1 (100)
28 1 (100) 1 (100)
29 1 (100) 1 (100)
30 4 (100) 3 (75) 1 (25)
31 1 (100) 1 (100)
33 1 (100) -1 (100)
35 -1 (100) 1 (100)
39 1 (100) ‘ 1(100)
Total 8 (73) 3(27) 8 (73) 3(27)
Total - sus + resis 25(89) 3(11) 25 (89) 3(11)
Staph spp. TOTAL 195 (79) 51 (21) 200 (81) 46 (19)
E. facecalis
Vancomycin sus 20 1(100) 1(100)
21 1 (100) _ 1(100)
25 3 (100) 1 Indet 2 (100)
26 1(100) 1 (100)
27 1 (100) 1 (100)
28 2(100) - 2 (100)
29 . 2 (100) 2 (100)
30 1 (100) indet
31 1 (100) 1 (100)
Total 7 (54) 6 (46) 5 (45) 6 (55)
Vancomycin resis 27 1 (100) 1 (100)
' 28 1 (100) 1 (100)
Total 1 (50) 1 (50) 2 (100)
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NDA#: 21-131

Total - sus + resis

E. faecium
Vancomycin sus

Total

Vancomycin resis

Total

Total - sus + resis

Enterococcus spp.

.TOTAL
S. pneumoniae

Missing
Penicillin sus

Total

Penicillin intermed

CLINICAL MICROBIOLOGY REVIEW

24
28

20
25
26
27
28
29
30
31
32

34
27
28

29

30
31
32
33
34
35
36
37
38
40
41

23
25
28
29
30

REVIEW#: 1

8 (53)

1(50)
2 (100)
3(75)

1(100)
1(100)
6 (75)

6 (85.7)
3 (100)
1(100)
8 (100)

2 (100)
28 (88)

31 (86)

39 (76)

1 (100)
3(100)
1 (100)
3(75)

11 (100)

12 (100)

12 (100)
14 (87.5)
5(71.4)
9 (90)
6 (100)
1 (100)
2 (100)
1 (100)
1(50)
82 (92)

1 (50)
1 (100)
1(100)
1(100)
1 (100)

7 (47)

-1(50)

1(25)

2 (25)
1(14.3)

1(100)
4(12)

5(14)

12 (24)

1 (25)

2 (12.5)
2 (28.6)
1 (10)

1 (50)
7(8)

1 (50)

DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)

REVIEW DATE: 11/15/99

7 (54)

1 (50)
2 (100)
3(75)

1 (100)
1 (100)
6 (75)

6 (85.7)
3 (100)
1 (100)
8 (100)

2 (100)
28 (88)

31 (8'6)

38 (78)

1 (100)
3 (100)

1 (100)
3(75)

11 (100)
12 (100)
12 (100)
14 (87.5)
5(71.4)
9 (90)

6 (100)

1 (100)

2 (100)

1 (100)

1 (50)

82 (92)

1(50)

1 (100)
1 (100)
1 (100)
1 (100)

6 (46)

1 (50)

1 (25)

2 (25)
1(14.3)

1(100)
4(12)

5(14)

11 (22)

1(25)

2 (12.5)
2 (28.6)
1(10)

1(50)
7(8)

1 (50)
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520) .
' CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131

Total

Penicillin resis

Total
Total - sus + resis
S. pneumoniae

Missing
Ceftriaxone sus

Total

Ceftriaxone intermed

Total

Ceftriaxone resis

31
32

35
36

27
31
33
a5

34
23
27
28
29
30
Ky

- 32

33
34
35
36
37
38
40
41

23
25
27
28
29
Ky
33

31

REVIEW#: 1

2 (66.7)
1 (100)
1(100)

1 (100)
10 (77)

1 (100)
1 (100)

- 2(66.7)

1 (100)
5((83)

' 97 (90)

1 (100)
1 (100)
3 (100)

1 (100)
3(75)

12 (100)
12 (92.3)
13 (100)
14 (87.5)
5 (71.4)
10 (83.3)
7 (100)

1 (100)
2 (100)

1 (100)
1(50)

87(91)

1 (100)
1(100)

1 (100)

1 (100)
1 (100)
2 (100)
2 (66.7)
1 (100)
9 (90)

1 (100)

1(33.3)

1 (100)

3 (23)

1(33.3)

- 1(17)

11(10)

1(25)

1(7.7)

2 (12.5)
2(28.6)
2 (16.7)

1(50)
9(9)

1(33.3)

1(10)

2 (66.7)
1 (100)
1 (100)

1 (100)
10 (77)

1 (100)
1(100)
2 (66.7)
1 (100)
5 (83)

97 (90)

1(100)

1 (100)
3 (100)
1(100)
3 (75)

12 (100)
12 (92.3)
13 (100)
14 (87.5)
5 (71.4)
10 (83.3)
7 (100)

1 (100)
2 (100)

1 (100)
1 (50)
87 (91)

1 (100)
1 (100)
1 (100)
1 (100)
2 (100)
2 (66.7)
1 (100)
9 (90)

1 (100)

REVIEW DATE: 11/15/99

1(33.3)

1 (100)

3(23)

1(33.3)
1(17)

11 (10)

1(25)
1(7.7)
2 (12.5)

2 (28.6)
2 (16.7)

1(50)
9 (9)

1(100)

1(33.3)

1(10)
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131

-Total - sus + resis

S agalactiae
Penicillin sus

Total

S pyogenes
Penicillin sus

Total
Penicillin intermed
Total

Total - Strep. spp.

24
25
26
29
30
31

20
21
22
23
24
25
26
27
28
29
30
31
34

24

REVIEW#: 1

97 (91)

1 (100)
1 (100)
2 (66.7)
2 (100)
1 (100)
1 (100)
8 (89)

1 (100)
2 (100)

1 (100)

2 (100)
3(75)

5 (83.3)
4 (100)
2 (100)
3 (100)
1 (100)
26 (79)

1 (100)
25 (78)

33 (80)

10 (9)

1(33.3)

1(11)

2 (100)
1(100)

2 (100)

1(25)
1(16.7)

7(21)

7(22)

8 (20)

Sus = susceptible, Inter = intermediate, Resis = resistant

APPEARS THIS WAY
ON ORIGINAL

97 (91)

1 (100)
1(100)
3 (100)
2 (100)
1 (100)
1 (100)
9 (100)

1 (100)
2 (100)

1 (100)

2 (100)
3 (75)

5 (83.3)
4 (100)
2 (100)
3 (100)
1 (100)
26 (79)

1 (100)
27/(79)

36 (84)

REVIEW DATE: 11/15/99

10 (9)

2 (100)
1(100)

2 (100)

1(25)
1(16.7)

7(21)

7 (21)

7 (16)
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 REVIEW DATE: 11/15/99
Low Dose (<lg/day): Studies encompassed in low dose studies — 394, 39, 54A

Table 26. Overall Indications Results for Linezolid= (Low Dose <1g/day) by organism and MIC

Base line . Base line Pathogen Qutcome n (%) Clinical Outcome n (%)
Pathogen linezolid Eradication Non Eradication Cured Failed
MIC (ug/mL)
S. aureus _
Oxacillin sus 0.5 1(100) 1(100)
1 10 (90) 1(10) 10 (90) 1(10)
2 47 (98) 1(2) 47 (98) 1(2)
_ 4 56 (90.3) 6 (9.7) 55 (88.7) 1 Indet 7 (11.3)
Total - Oxac sus 114 (93) 8(7) 113 (93) 9
Oxacillin resis 1 1.(100) 1 (100)
2 2 (100) 2 (100) :
4 4 (66.7) 2(33.3) 3 (50) 3 (50)
Total - Oxac resis _ 7(78) 2(22) 6 (67) 3 (33)
Total Oxac -sus +
resis 121 (92) 10 (8) 119 (91) 12 (9)
S. epidermidis .
_ Missing 1 (100) 1(100)
Oxacillin - sus . 0.5 2 (100) o 2 (100)
1 10 (100) 9 (90) 1(10)
2 13 (86.7) 2(13.3) 13 (86.7) 2 (13.3)
Total _ 26 (93) 2(7) 25 (89) 3(11)
Oxacillin - resis 0.25 1(100) 1(100)
1 1(33.3) 2 (66.7) 2(66.7.) 1(33.3)
. 2 : 7 (100) 6 (85.7) 1(14.3)
Total 9 (82) 2 (18) 9(82) . 2(18)
Total Oxac-sus + 35 (90) 4 (10) 34 (87) 5(13)
resis
Total for Staphylo .
cocci ' 156 (92) 14(8) 153 (90) 17 (10)
E. faecalis
Vancomycin - sus 1 2(66.7) 1(33.3) 3 (100)
2 10 (100) 9 (90) 1(10)
Total 12 (92) 1(8) 12 (92) 1(8)

E. faecium

Page 68 of 108




‘ DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 - REVIEW DATE: 11/15/99
Missing -2 (100) 1(50) 1 (50)
Vancomycin - resis 0.5 1(100) 1(100) ’
1 4(57.1) 3(42) 6 (85.7) 1(14.3)
2 10 (62.5) 6 (27.5) 11 (68.8) " 5(21.2)
4 1 (50) 1 (50) 1 (50) 1 (50)
8 1 (100) 1(100)
Total 19 (66) 10 (34) 21 (72) 8 (28)
Total for Entero- ‘
cocci 31 (74) 11 (26) 33(79) 9 (21)
S. agalactiae
~ Penicillin sus 0.5 1(100) 1 (100)
‘ 1 9 (100) 9 (100)
Total 10 (100) 10 (100)
Pencillin resis 1 1 (100) o 1 (100)

Total Penicillin sus +

resis : 11 (100) “11 (100)
S. pyogenes .
Penicillin sus 1 9 (100) 9(100)
2 1(100) 1(100)
Total 10 (100) 10 (100)
Penicillin resis : 1 1 (100) 1 (100)
Total Streptococccei 22 (100) 22 (100)

Sus = susceptible, Inter = intermediate, Resis = resistant

APPEARS THIS WAY
ON ORIGINAL
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-320)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131

REVIEW#: 1

REVIEW DATE: 11/15/99

Table 27. Overall indication results for linezolid (low dose < 1 g/day) by organism and

Pathogen

S. aureus
Oxacillin sus

Total

—

Oxacillin resis

Total
Total - sus + resis

S. epidermidis
Oxacillin sus

Baseline
Zone

Size

22
24
25
26
27
28
29
30
31
32
33
34
37
38

25

26 -

28
30
31

Missing
24
27
28
30
3N
32
33
34
35
37

Zone size

Pathogen Qutcome
Eradicated Non-Eradicated = Cured
n (%) n (%)

4(100)
4 (80)

6 (100)
16 (88.9)
11 (91.7)
19 (90.5)
11 (100)
16 (100)
14 (100)
6 (85.7)
3 (100)
2 (100)

1 (100)

1 (100)
114 (93)

2 (100)
3(75)
1(100)

1(100)
7(78)

121(92)

1 (100)
1 (100)
5 (100)
2 (100)
1 (100)
4 (100)
4 (80)

1 (100)
2 (100)
2 (66.7)
2 (100)

1 (100)
1(20)
2(11.1)

1(8.3)
2 (9.5)

1(14.3)

8(7)

1 (25)
1 (100)
2 (22)

10 (8)

1(20)

1(33.3)

Clinical Qutcome

n (%)

4 (100)
3 (60)

6 (100)
16 (88.9)
11(91.7)
19 (90.5)
11 (100)
16 (100)
14 (100)
6 (85.7)
3 (100)
2 (100)

1 (100)

1 (100)
114 (93)

2 (100)
2 (50)
1 (100)

1(100)
6 (67)

120 (92)

1 (100)
1 (100)
5(100)
2 (100)
1 (100)
3(75)

4 (80)

1 (100)
2 (100)
2 (66.7)
2 (100)

Failed
n (%)
1(100)
2 (40)
2 (11.1)

1(8.3)
2 (9.5)

1(14.3)

8(7)

2 (50)
1 (100)
3(33)

11(8)

1 (25)
1 (20)

1(33.3)
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41 1(100) | 1 (100)
Total 26 (93) 2(7) 25 (89) 3(11)
Oxacillin resis 1(100) 1(100)
: : 23 1(100) 1(100)
27 1(100) 1 (100)
28 2(100) 1 (50) 1 (50)
30 1 (50) 1 (50) 1 (50) 1 (50)
3 1(100) 1(100) :
32 2 (100) 2 (100)
34 1(100) 1(100)
Total 10 (91) 19 9 (82) 2(18)
Total - sus + resis 36 (92) 3(8) 34 (87) 5(13)
Total - Staph spp. 157 (92) 13 (8) 154 (91) 16 (9)
E. facecalis
Vancomycin sus 22 1 (100) 1 (100)
23 1 (100) 1(100)
24 1(100) 1 (100)
25 3(100) . 2(66.7) 1(33.3)
26 2 (100) 2 (100)
27 3 (100) 39100)
- 28 1 (100) - 1(100)
29 1 (100) 1(100) .
Total 12 (92) 1(8) 12 (92) 1(8)
E. faecium
Vancomycin resis Missing 1 (50) 1 (50) 2 (100)
20 1(100) 1 (100)
23 1 (100) 1(100)
24 1 (100) 1(100)
25 1 (50) 1 (50) 2 (100)
26 2(66.7) 1(33.3) 2(66.7) 1(33.3)
27 2(100) 2 (100)
28 2 (40) 3 (60) 4 (80) 1(20)
29 3(100) 3(100)
30 3(75) 1(25) 2 (50) 2(50) -
kY| 2(100) 1(50) 1 (50)
32 1(50) 1 (50) 1(50) 1(50)
Total 17 (61) 11 (24) 21 (75) 7 (25)
Enterococcus spp.
TOTAL 29 (71) 12 (29) 33 (80) 8 (20)
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S agalactiae
Penicillin sus 25 1(100) 1 (100)
26 4 (100) 4 (100)
27 2 (100) 2 (100)
29 2 (100) 2 (100)
30 1 (100) 1(100)
Total 10 (100) 10 (100)
Penicillin resis 26 1(100) 1(100)
Total - sus +resis 11 (100) 1" (100_)
S pyogenes
Penicillin sus 25 1 (100) 1 (100)
26 1 (100) 1 (100)
27 2 (100) 2 (100)
28 1 (100) 1 (100)
30 2 (100) 2 (100)
33 2 (100) 2 (100)
: 38 1 (100) 1(100)
Total 10 (100) _ 10 (100)
Penicillin resis 2 1(100) 1(100)
Total - sus + resis 11 (100) 11 (100)

SUS = susceptible, Inter = intermediate, Resis = resistant

APPEARS THIS WAY
ON ORIGINAL
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ESTABLISHMENT OF SUSCEPTIBILITY TESTING INTERPRETIVE CRITERIA
FOR ' :

LABELING

The provisional breakpoints, which are based on in-vitro susceptibility test results for target
pathogens and the pharmacokinetic/pharmacodynamics of linezolid, were used throughout the
clinical studies. Correlation of the pathogen eradication and clinical outcome with.the
provisional breakpoints allows one to rationally determine susceptibility interpretive criteria that
can be used to generate clinically relevant treatment information.

Interpretive criteria will be proposed for separate groups of Gram-positive bacteria. No Gram-
negative interpretive criteria will be proposed since linezolid does not have clinically relevant
activity against Gram-negative bacteria.

The following table (Table 28) is a summation of MICy, data from pre-clinical (US & Europe),
Sentry (US & Europe) and Phase III studies.

AFPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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Table 28. Summation of MIC (90) data or MIC range for
Organisms for INDICATION section of package insert

Organism

S. aureus
methicillin sus

S. aureus
methicillin resis

S. epidermidis
methicillin sus

S. epidermidis
methicillin resis

E. faecalis
Vancomycin sus

E. faecalis
Vancomycin resis

E. faecium
Vancomycin sus

Database
Preclinical us
Europe
Sentry us
Europe
Phase Il
Preclinical us
Europe
Sentry us
Europe
Phase Il
Preclinical us
Europe
Sentry us
Europe
Phase lll
Preclinical us
Europe
Sentry us
Europe’
Phase {ll

Preclinical us
Europe
Sentry us

Europe

Phase i

Preclinical us
Europe
Sentry us

Europe

Phase Il

Preclinical us

Europe
Sentry us
Europe

No. Isolates

916
488
2528
566
893

973
535
1141
263
477

183
87
283
114
150

216
54
1006
371
99

476
402
1060
229

98

148
141
120

10

68
57
1060
229

MIC (90)

"REVIEW DATE: 11/15/99
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E. faecium
Vancomycin resis

8. pneumoniae

Penicillin suscep

. 8. pneumoniae
Penicillin intermed

S. pneumoniae
Penicillin resis

S. pyogenes

S. agalactiae

CLINICAL MICROBIOLOGY REVIEW

REVIEW#: 1 REVIEW DATE: 11/15/99
Phase Il 7 )
Preclinical us 252
Europe 29
Sentry us 120
Europe 9
Phase l| 170
Preclinical us 303
Europe 229
Sentry us 195
Europe 229
Phase Il 282
Preclinical us 242
Europe 122
Sentry us 77
Europe 0
Phase Il 50
Preclinical us 266
. Europe 252
Sentry us 46
Europe 0
Phase IlI 14
Preclinical us 182
- Europe 103
Sentry us 0
Europe 0
Phase Il 152
Preclinical ~ US 164
Europe 65
Sentry uUs 0
Europe 0 -
Phase ! 47

Streptococcus pneumoniae

Pneumonia (Table 14)

There were 107 experiences with S. preumoniae infections. Eighty-seven (87) were with
penicillin-susceptible S. pneumoniae, ten were with strains of S. pneumoniae that were

intermediate in their susceptibility to penicillin, and six (6) were with penicillin-resistant strains.
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Fifty-three (53) of the 81 penicillin-susceptible S. pneumoniae had linezolid MICs of 1 pg/mL,
nine (9) of ten (10) of the S. preumoniae with intermediary resistance to penicillin had MICs of 1
ng/mL and one (1) of five (5) penicillin-resistant S. pneumoniae had MICs of 1 pg/mL. The
highest linezolid MIC value (4 pg/mL) in the clinical set was for one (1) penicillin-resistant S.
pneumoniae.

The overall S. pneumoniae eradication rate and clinical cure for linezolid (high dose >1g/day) for
pneumonia for penicillin-susceptible, and intermediate/resistant organisms were 91% (97/107)
and 91% (97/107) respectively. The eradication rate and clinical cure for penicillin-resistant
organisms were 83% (5/6) for both categories. The lowest eradication and clinical cure rates
(77%) were for the penicillin-intermediate isolates. The linezolid MICy for isolates from the pre-
clinical, Sentry and Phase I1I studies did not exceed 2 pg/mL (Table 28).

Skin and Soft tissue Infections (Tables 16 & 18)

Streptococcus pneumoniae was not isolated from any skin and soft tissue infections or urinary
tract infections.

Based on the MIC frequency distribution, correlation with the presence or absence of resistance
mechanisms, clinical correlation, and pharmacodynamic information the MIC breakpoint for S.
pneumoniae would be: <2 pg/mL = susceptible. Because there are at this time no linezolid
resistant organisms interpretive criteria for intermediate and resistance cannot be determined.

Streptococcus spp. other than S. pneumoniae
Pneumonia (Table 14)

For the pneumonia studies only Streptococcus agalactiae and Streptococcus pyogenes were
isolated. There were a total of 2 results for S. agalactiae and 3 results for S. pyogenes. Linezolid
MIC:s for the two (2) S. agalactiae and three (3) S. pyogenes were 1 ug/mL. For S. agalactiae
there was a 50% eradication result and a 100% clinical cure rate. For the S. pyogenes there was a
66.7% (2/3) eradication and clinical cure rate. The paucity of the clinical data does not allow for
this information to be used to set a MIC breakpoint. Therefore the total clinical experience with
both organisms will be used in determining a MIC breakpoint for both these organisms.

Skin and Soft Tissue Infections
High Dose (>1 g/day) (Table 16)

In the high dose skin and soft tissue studies there were 7 experiences with S. agalactiae all of
which had linezolid MICs of 1 pg/mL. There was 100% eradication of the organism and 100%
clinical cure. In the case of S. pyogenes there were a total of 29 experiences. Twenty-two of the
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organisms had linezolid MICs of 1 pg/mL and with one each having a MIC of 0.125 and 2
pg/mL. Overall there was 79% eradication and clinical cure rate. During these studies there
were 29 experiences with S. pyogenes infections. Of the 29 organisms recovered 26 had a MICs
of 1 pg/ml, 2 had MICs of 2 pg/mL, and 1 had a MIC of 0.125 pg/mL..

Overall Streptococcus spp. other than S. preumonia Experience
Overall there was a 79% pathogen eradication rate and clinical cure outcome. -

Low Dose (<1g/day) Skin and Soft tissue Infection (Table 18)

For the low dose studies there were 7 experiences with S. agalactiae infection. All seven (7)

organisms had linezolid MICs of 1 pg/mL and there was 100% pathogen eradication and clinical
cure. During these studies there were eleven (11) expeniences with S. pyogenes infection. All the

organisms isolated from these infections had linezolid MICs of 1 pg/mL and there was 100%
pathogen eradication and cllrucal cure.

Urinary Tract Infection Studies (High and Low dose) (Tables 20 & 22)

There were no infection expeniences with either S. agalactzae or S. pyogenes during these
studies.

The MICy for S. agalactiae from the pre-clinical, Sentry and Phase I1I studies (Table 28) did not
exceed 2 pg/mL. The MICy for S. pyogenes from the pre-clinical, Sentry and Phase III (Table
28) studies did not exceed 2.5 pg/mL.

Based on the MIC frequency distribution, correlation with the presence or absence of resistance
mechanisms, clinical correlation, and pharmacodynamic information the MIC breakpoint for
Streptococcus spp. other than S. pneumoniae would be: <2 pg/mlL = susceptible. Because there
are at this time no linezolid resistant organisms interpretive criteria for mtermedlate and
resistance cannot be determined.

APPEARS THIS WAY
ON ORIGINAL
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Staphylococci
Staphylococcus aureus
Pneumonia (Table 14)

There were forty-seven (47) infection experiences with oxacillin-susceptible S. aureus during
these studies. Twenty-seven (27) organisms had linezolid MICs of 2 ug/mL, 15 had MICs of 4
pg/mL, and 5 had MICs of 1 pg/ml.. Overall there was a 76.5% (36/47) pathogen eradication
rate and clinical cure rate. . ' |

There were thirty-seven (37) infection experiences with oxacillin-resistant S. aureus during

the studies. Seventeen (17) organisms had linezolid MICs of 2 pg/mL, sixteen (16) had MICs of
4 ng/ml, and four (4) had MICs of 1 pg/mL. There was an overall 67.5% (25/27) pathogen
eradication rate and a 70.2% (26/37) cure rate for patients infected with these organisms: For
patients infected with S. qureus have a linezolid MIC of 4 pug/mL there was a pathogen
eradication rate of 73.3% and a clinical cure rate of 73%.

Overall S. aureus Experience

The overall experience with S. aureus resulted in a 73% (62/95) pathogen eradication rate and a
74% (63/95) cure rate.

There was only one experience with Staphylococcus epidermidis. The isolate had a
linezolid MIC of 2 pg/mL. .

Skin ahd Soft Tissue
High Dose (Table 16)
Staphylo-cocci |
Staphylococcus aureus

There were 92 experiences with infections due to oxacillin-susceptible S. aureus during the
studies. Fifty-three (53) of the organisms had linezolid MICs of 2 pg/mL while 26 had MICs of
4 png/mL and 12 had MICs of 1 pg/mL. There was 100% pathogen eradication and clinical cure
where the oxacillin-susceptible S. aureus has a linezold MIC of 1 ug/ml. For the organisms
with linezolid MICs of 2 pg/mL there was a pathogen eradication of 88.6% (47/53) and clinical
cure of 86.7% (46/53). For those S. aureus with linezolid MICs of 4 pg/mlL there was a 96.2%
(25/26) eradication rate and a 92.3% (24/26) clinical cure. The overall pathogen eradication rate
was 92% (84/91) and clinical cure rate of 89% (82/92) for oxacillin-susceptible S. aureus.

Page 78 of 108




DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 "REVIEW DATE: 11/15/99

There were 37 experiences with infections due to oxacillin-resistant S. aureus. Twenty-two (22)
organisms had linezolid MICs of 2 pg/mL. This group of organisms was associated with a
pathogen eradication rate of 59.1 % (13/22) and a cure rate of 68.2% (15/22). Five organisms
had MICs of 1 pg/mL, which was associated with a pathogen eradication rate of 80% (4/5) while
8 organisms had MICs of 4 ng/mL, which was associated with a pathogen eradication rate of
62.5% (5/8), and clinical cure rate of 87.5% (7/8). The one organism that had a linezolid MIC of
8 had a pathogen eradication and clinical cure rate of 100%.

The total S, aureus infection experience was 128with an overall pathogen eradication rate of
84% (108/138) and an overall clinical cure rate of 87% (111/128).

Staphylococcus epidermidis

A total of 17 infection experiences with oxacillin-susceptible S. epidermidis were seen during
the studies. Four of the organisms had linezolid MICs of 0.5 pg/mL, seven had MICs of 1

png/mL, and 6 had MICs of 2 pg/mL. There was a 100% pathogen eradication and clinical cure
rate for this group of organisms.

A total of six infection experiences with oxacillin-resistant S. epidermidis were recorded. One
organism had a linezolid MIC of 0.5 pg/mL, two had MICs of 1 pg/mL, and three had MICs of 2

pg/mL. There was an overall pathogen eradication rate of 100%. There was a 83% clinical cure
rate.

There were 23 total experiences with S. epidermidis skin and soft tissue infections for which
there was 100% pathogen eradication and a 95% clinical cure rate.

Overall Staphylococci Experience

In relation to staphylococci infections there were 151 experiences with a pathogen eradication
rate of 87% (131/151) and a clinical cure rate of 87% (132/151).

The MICyg for S. aureus from the pre-clinical, Sentry and Phase I1I studies (Table 28) did not
exceed 4 pg/mL. The MICqq for S. epidermidis from the pre-clinical, Sentry and Phase III (Table
28) studies did not exceed 3 pug/mL.

Based on the MIC frequency distribution, correlation with the presence or absence of resistance
mechanisms, clinical correlation, and pharmacodynamic information the MIC breakpoint for
staphylococci would be: <4 pg/mL = susceptible. Because there are at this time no linezolid
resistant organisms interpretive criteria for intermediate and resistance cannot be determined.

Low Dose (<1 g/day) (Table 18)
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Staphylococci
S. aureus

There were a total of 122 experiences with infections caused by oxacillin-susceptible S. aureus
during the studies. One organism had a linezolid MIC of 0.5 ug/mL, 11 had MICs of 1 ug/mL,

48 had MICs of 2 pg/mL and 62 had MICs of 4 ug/mL. This group of organisms was associated
with a 93% pathogen eradication and clinical cure rate.

There were.a total of 9 experiences with oxacillin-resistant S. aureus during the studies. One
organism ha a linezolid MIC of 1 pg/mL, 2 had MICs of 2 pg/mL, and 6 had MICs of 4 pg/mL.
Overall there was a 78% (7/9) pathogen eradication rate and a 66.7% (6/9) clinical cure rate.

The overall experience with S. aureus was 131 with an associated pathogen eradxcatlon rate of
92% (120/131) and a 91% (118/131) clinical cure rate.

S. epidermidis

There were a total of 27 experiences with oxacillin-susceptible S. epidermidis. Two of the

organisms had linezolid MICs of 0.5 pg, 10 had MICs of 1 pg/mL and 15 had MICs of 2 pg/mL.
The overall pathogen eradication rate was 93% (25/27) and clinical cure rate of
89% (24/27).

There were a total of 11 experiences with oxacillin-resistant S. epidermidis. One of the isolates
has a linezolid MIC of 0.25 pug/mL, 3 had MICs of 1 pg/mL, and 7 had MICs of 2 pg/mL. The
overall pathogen eradication rate and clinical cure rate were 82% (9/11).

The overall pathogen eradication rate and clinical cure rates for S. epidermidis were 89% (34/38)
and 87% (33/38) respectively.

Overall Staphylococci Experience
There was an overall experience of 169 cases with staphylococci during the low dose studies.

The overall pathogen eradication rate was 91% (154/169) and the clinical cure rate was 89%
(151/169).

The MICy for S. aureus from the pre-clinical, Sentry and Phase III studies (Table 28) did not !
exceed 4 pg/mL. The MICy, for S. epidermidis from the pre-clinical, Sentry and Phase I1I (Table
28) studies did not exceed 3 pg/mlL.

Based on the MIC frequency distribution, correlation with the presence or absence of resistance
mechanisms, clinical correlation, and pharmacodynamic information the MIC breakpoint for
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staphylococci would be: <4 pg/mL = susceptible. Because there are at this time no linezolid
resistant organisms interpretive criteria for intermediate and resistance cannot be determined.

- APPEARS THIS WaY
ON ORIGINAL
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Enterococci | |
Pneumonia (Table 14) (High dose linezolid)
Enterococcus |

There were five (5) experiences with vancomycin-susceptible E. faecalis. Three (3) organisms
had a linezolid MICs of 1 ug/mL and the other two (2) organisms had MICs of 2 pg/mL. The
overall pathogen eradication rate and clinical cure rate were 40%.

There were two (2) expériences with vancomycin-resistant Enterococcus faecium. Both

organisms had linezolid MICs of 2 ug/mL. There was a 100% pathogen eradication and clinical
cure rate.

There were a total of seven experiences with enterococci with an overall pathogen eradication
rate and clinical cure rate of 57% (4/7).

Skin and Soft Tissue Infection
High Dose Studies (Table 16)
E. faecalis

There were a total of seven (7) experiences with vancomycin-susceptible E. faecalis. Three
organisms had linezolid MICs of 1 pg/mL and four (4) had MICs of 2 ug/mL. There was one
experience with a vancomycin-resistant E. faecalis. This organism had a linezolid MIC of 1

pg/mL. The overall pathogen eradication rate was 63% (5/8) and the clinical cure rate was
(50%). ‘

E. faecium

There were three (3) experiences with vancomycin-susceptible E. faecium. Two of the
organisms had linezolid MICs of 2 ug/mL and one (1) had a MIC of 4 ug/mL. The overall
pathogen eradication rate and clinical cure rate was 66.7% (2/3).

There were six (6) experiences with vancomycin-resistant E. faecium. Two (2) of the organisms
had linezolid MICs of 1 ug/mL and 4 organisms had MICS of 2 pg/mL. The overall pathogen
eradication and clinical cure rates were 100%.

The overall pathogen eradication rate and cure rate for the enterococci (vancomycin-susceptible
and resistant) were 80% (8/10) and 80% (8/10) respectively.

Page 82 of 108




DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD- 520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 - REVIEW#: 1 REVIEW DATE: 11/15/99

The MICoy, for E. faecalis from the pre-clinical, Sentry and Phase III studies (Table 28) did not
exceed 4 pg/mL. The MICy for E. faecium from the pre -clinical, Sentry and Phase IH (Table
28) studies did not exceed 3 pg/mlL.

Based on the MIC frequency distribution, correlation with the presence or absence of resistance
mechanisms, clinical correlation, and pharmacodynamic information the MIC breakpoint for
enterococci would be: <2 ug/ml. = susceptible. Because there are at this time no linezolid
resistant organisms interpretive criteria for intermediate and resistance cannot be determined.

Low Dose (<1 g/day)

There were ten experiences (low dose linezolid) with vancomycin-susceptible E. faecalis during
the low dose studies. One (1) organism had a linezolid MIC of 1 pg/mL and nine (9) organisms
had MICs of 2 pg/mL. There was a 90% (9/10) pathogen eradication rate and a 100% clinical
cure rate.

There were no experiences with vancomycin-resistant E. faecalis organisms during the studies.

E. faecium

Linezolid MIC of 1 pg/mL, one organism had a MIC of 2 ng/mL, and one organism had a MIC
of 8 pg/mL. There was a 100% pathogen eradication rdte and a 100% clinical cure rate.

There were no experiences with vancomycin-susceptible E. faecium.

The overall enterococci experience in the low dose studies were 93% (12/13) for pathogen
eradication rate and 100% for clinical cure rate.

The MICy for E. faecalis from the pre-clinical, Sentry and Phase III studies (Table 28) did not
exceed 4 pg/mL. The MICy for E. faecium from the pre-clinical, Sentry and Phase 11T (Table
28) studies did not exceed 3 ug/mL.

Based on the MIC frequency distribution, correlation with the presence or absence of resistance
mechanisms, clinical correlation, and pharmacodynamic information the MIC breakpoint for

enterococci would be: <2 pg/mL = susceptible. Because there are at this time no linezolid
resistant organisms interpretive criteria for intermediate and resistance cannot be determined.
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FINAL MIC INTERPRETIVE BREAKPOINTS

Based on MIC correlation of clinical isolates with pathogen eradication and therapeutic outcome
the following are the provisional MIC breakpoints. Because there are no linezolid resistant
organisms intermediate and resistant interpretive criteria are not defined for Staphylococcus spp.,
S. pneumoniae, and Streptococcus spp. other than S. pneumoniae. While there were enterococci
(E. faecium 14 isolates, E. faecalis 1 isolate) that developed resistance during clinical trals the
numbers are too small at this time to accurately define a resistant breakpoint )

INTERPRETIVE CRITERIA FOR DILUTION SUSCEPTIBILITY TESTING OF
STREPTOCOCCUS PNEUMONIAE

MIC /mL Interpretaion
<2 Susceptible:

INTERPRETIVE CRITERIA FOR DILUTION SUSCEPTIBILITY TESTING OF
STREPTOCOCCUS SPP. OTHER THAN S. PNEUMONIAE

MIC (ug/ml) Interpretation
<2 _ Susceptible
INTERPRETIVE CRITERIA FOR DILUTION SUSCEPTIBILITY TESTING OF
STAPHYLOCQOCCUS SPP.
MIC /mL Interpretation
<4 Susceptible

INTERPRETIVE CRITERIA FOR DILUTION SUSCEPTIBLITY TESTING OF

ENTEROCOCCUS SPP.
MIC mlL. Interpretation
<2 _ Susceptible

FINAL DISK SUSCEPTIBILITY INTERPRETIVE ZONE SIZES

Because there are no linezolid resistant Staphylococcus spp, S. pneumoniae, and Streptococcus
spp other than S. pneumoniae the error rates bounded method for determining zone size

- interpretive criteria for these organisms cannot be used to set the zone diameter interpretive
criteria. While there were linezolid-resistant E. faecium and E. faecalis that have been reported
during clinical tnals there are too few to accurately set a resistant zone diameter for the
enterococci. Instead a visual inspection of the scattergram data coupled with the
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pharmacodynamic parameters of the drug need to be used. Using this method the following
correlations (Tables 29, 30) were determined for organisms just from North America as well as
those from all geographical sites. The information in Tables 29 and 30 come from the
scattergrams, which are located in APPENDIX A. The scattergrams are provided by the
applicant

W
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Table 29. Proposed MIC and Zone Diameter Interpretive Criteria for Linezolid Based on
Qrganisms from North America
Appendix A Organism Interpretive Criteria False Resistant False Susceptible
Figure No. MIC  Zone Size No. Total % No. Total %
ug/mL mm
1.2. S. pneumoniae <4 >24 1 170 06 0 170 0
<4 >22 0 170 0 0 -170 0
=2 >24 1 170 06 2 170 1.2
<2 >22 0 170 0 2 170 12
2.2 Streptococcus <4 >20 0 202 0 0 202 0.
spp. other than <2 =20 0 202 0 0 202 0
S.pneumoniae <4 »21 0 202 0 0 202 - 0
<2 >21 0 202 0 0 202 0
4.2 Staphylbcoccus
spp. <4 >21 6 1550 04 13 1550 0.8
<4 >20 5 1550 0.3 13 1550 038
<4 >18 2 1550 01 13 1550 0.8
<2 =21 1 1550 0.1 576 1550 37
52 Enterococcus
spp. <4 >21 8 M3 19 1 413 0.2
<4 >20 0 413 0 2 413 05
<2 >20 0 413 1 413 02
<2 >21 8 413 1.9 1 413 02
The rows in bold are the criteria proposéd by the applicant.
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Table 30. Proposed MIC and Zone Diameter Interpretive Criteria for Linezolid Based on
Organisms from All Geographical Regions

Appendix A Organism Interprétive Criteria False Resistant Faise Susceptible
Figure No. MIC ZoneSize No. Total % No. Total %
\ ug/mL mm
1.8 S. pneumoniae <4 >24 2 376 0.5 0 376 0
<4 > 22 0 376 0 0 376 0
<2 >24 2 376 0.5 2 376 05
<2 =22 0 376 0 2 376 05
2.8 Streptococcus <4 >20 0 537 0 0 537 0
spp. other than <2 >20 0 537 0 0

537 0
S. pneumoniae -

4.8 Staphylococcus
spp. <4 >21 11 2942 04 14 2942 05
<4 > 20 5 2942 0.2 14 2942 05
<4 =18 3 2942 0.1 14. 2942 05
<2 >30 138 2942 4.7 80 2942 27
5.8 Enterococcus
spp. <4 >21 8 542 15 1 542 0.2
<4 >21 8 542 14 1 542 0.2
<4 >20 0 542 0 2 542 0.4
<2 >20 0 542 0 14 542 26
<2 =21 8 13 542 24

542 14

The rows in bold are the criteria proposed by the applicant.
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From the above data the following zone size interpretive criteria are proposed. |

INTERPRETIVE CRITERIA FOR DISC DIFFUSION SUSCEPTIBILITY TESTING OF
STREPTOCOCCUS PNEUMONIAE

Zone Size (mm Interpretation
>21 Susceptible

INTERPRETIVE CRITERIA FOR DISC DIFFUSION SUSCEPTIBILITY TESTING OF
- STREPTOCOCCUS SPP. OTHER THAN S. PNEUMONIAE

Zone Size (mm) Interpretation
>21 Susceptible
INTERPRETIVE CRITERIA FOR DISC DIFFUSION SUSCEPTIBILITY TESTING OF
STAPHYLOCOCCUS SPP.
Zone Size (mm) Interpretation
> 21 Susceptible
INTERPRETIVE CRITIERA FOR DISC DIFFUSION SUSCEPTIBILITY TESTING OF
: ENTEROCOCCUS SPP.
Zone Size (mm) ‘ Interpretation -

None determined

No zone size could be determined due to the susceptibility distribution of the
organism data. This decision is also based on the fact that there were only three clinical cases
where E. faecium with a linezolid MIC of 4pg/mL were treated and 2 out of the 3 resulted in a
clinical cure. In addition there were no clinical cases where E. faecalis with a linezolid MIC
4ng/ml. were treated. :

Disk diffusion susceptibility testing: The standard method (23) for disk diffusion testing has been
shown to be adequate for determining the susceptibility of various bactenia to linezolid (5). In
Jone’s study (5) linezolid MICs for 491 bacterial strains were compared with zones of inhibition
around 5, 15 and 30 pg disks. Using the pharmacokinetic parameter of being able to achieve a
maximum serum concentration of 5.73 ug/mL when the patient received a dose of 1000 mg
orally the susceptibility breakpoint concentration of 4 pg/mL was used. The susceptibility
breakpoint of 4 pg/ml. had been shown in previous studies to predict susceptibility of all tested
(649 gram positive and negative bacteria) isolates. Correlation statistics of the comparisons of
each disk concentration was then done. The best correlation (r = 0.90) was achieved with the 30
pg disk. The occurrence of interpretive error when the zone sizes of <17 mm = resistant and >
21mm = susceptible was very low (absolute categorical agreement of 99.8%).
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The followmg data has been provided by the applicant to support their request for spec1ﬁc

organisms in the in-vitro section of the package insert.

Table 31. Summation of MIC (90) Data or MIC Range for Organisms for IN VITRO Section

- Organism

Corynebacteriurn
Jeikeium

Enterococcus
casseliflavus

Enterococcus
gallinarum

Listeria
monocytogenes

Staphylococcus

aureus Vancomycin

Intermediate .

Staphylococcus
haemolyticus

Staphylococcus
lugdunensis

Streptococcus

of Package Insert

Database

Preclinical (b) US
Sentry (c) us

Preclinical us
Europe
Sentry us
" Europe
Phase I (d)
Preclinical us
Europe
Sentry us
Europe
Phase Ul .
Preclinical us
Europe

Preclinical us

Preclinical us

Europé
Sentry - uUs
Europe
Phase lll
Sentry us
Europe
Phase
Preclinical us

35
11

12

20
78
39
37
48

W

30

47

No. Isolates MIC or Range (a)

)

Indication

SST
Bacteremia

Bacteremia

Bacteremia

Bacteremia

Pneumonia
SST
Bacteremia

SST
Bacteremia

SST
Bacteremia

Bacteremia
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bovis ]___’j
Streptococeus Preclinical us 13 Pneumonia
intermedius Phase Il 12
Viridans group  Preclinical us 241 : Pneumonia
Streptococci Sentry us 168 Bacteremia
Group C Preclinical us >23 SST
Streptococci
Group G Preclinical us >19 38T
Streptococci Europe 17 Bacteremia
Pasteurella Preclinical us 136 SS8T
multocida ' Bacteremia
Pasteurella canis  Preclinical us 23 SST
Bacteremia
Peptrostreptococcus  Preclinical us 68 SS8T
spp. Europe 118 \\j
Chlamydia Preclinical  US Information in Tables 7.2.3.10.1 and
pneumoniae Europe 7.2.3.10.2 does not provide sufficient
data.

NOTE: The data in this table was found in Vol. 6.2 (8.2) pages 161 to 164
(Table 7.4.2.8) It is a compilation of data found throughout the submitted document.
It has been modified to include only relevant data.

a. Where no weighted average MIC (90) is available, the range is given.

b. Weighted average MIC (90) from the preclinical summary for US studies
c. MIC (90) value from the Sentry study

d. MIC (90) value from the Phase Il clinical program

Based on these criteria: 1) relevance of the pathogen to the approved indications, 2) MICggs less
than or equal to the clinically relevant susceptible breakpoint, 3) frequency with which the
pathogen has been shown to cause infection in the general population, 4) there are at least 100
isolates, and 5) seventy-five percent (75%) of the isolates are US isolates the following
organisms from Table 31 can be included in list 2 of the package insert. Staphylococcus
epidermidis has been removed from the INDICATIONS AND USAGE list and placed in the
second list because there were only 14 patients identified by the applicant as having true
infection with S. epidermidis vs colonization (Pharmacia & Upjohn communication to Dr. John
Alexander dated 1/26/00).
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Staphylococcus epidermidis (including methicillin-resistant strains)

Staphylococcus haemolyticus
Viridans group streptococci

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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SUMMARY

Linezolid has activity against multidrug-resistant Gram-positive cocci such as Streptococcus
pneumoniae, Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus pyogenes,
Streptococcus agalactiae and Enterococcus species. It has clinically insignificant activity
against a variety of Gram-negative bacilli.

The mechanism of action of linezolid is inhibition of protein synthesis (7). Linezolid targets
formation of the 30S-initiation complex and is able to inhibit protein synthesis. The results of
time-kill studies have shown linezolid to be bacteriostatic against enterococci (vancomycin-
susceptible and vancomycin-resistant) and staphylococci (3). For the streptococci (S.
pneumoniae penicillin-susceptible, intermediate and resistant, S. pyogenes, and S. agalactiae)
linezolid was found to be bactericidal for the majority of the strains of these organisms (3).
Metabolites of linezolid do not make a significant contribution to linezolid’s overall antibacterial
activity.

During clinical trials with linezolid there were fifteen (15) reported incidents (as of 12/31/99) of
the development of resistance to linezolid. This resistance has been reported for 14 isolates of
Enterococcus faecium and one (1) isolate of Enterococcus faecalis. Generally this resistance has
developed when linezolid has been given for fourteen (14) or more days to seriously ill patients.
This resistance has been shown to be due to a 23S rRNA mutation at nucleotide 2576 in which a
guanine was replaced by uracil (G2576U). This type of mutation has been reported in laboratory
derived linezolid resistant organisms (11). Cross-resistance to other antimicrobials, including
dalfopristin/quinupristin, does not appear to occur when an organism becomes resistant to
linezolid. The development of resistance to linezolid during its use has not been reported in
other organisms.

Linezolid when given orally at a dose of 400 mg every 12 hours was shown to achieve a
minimum concentration (Cmin) range of - S ug/mL and a maximum concentration (Cmax)
range of (72 ) pg/mL. The area under the curve ranged from - ;:_D_'pg e /mL. Linezolid
when given orally at a dose of 600 mg every 12 hours was shown to achieve a minimum
concentration range of ) pg/mL and a maximum concentration of i (C—3 pg/mL. The
area under the curve ranged from ==—") pg * h/mL. The minimum concentration range
approaches the MICq of 4 pg/mL for the majority of targeted pathogens when linezolid is given
at the dosage of 600 mg every 12 hours. When it is given at the dosage of 400 mg every 12
hours the minimum concentration level may not achieve the MICqg of 4 pg/mL for the target
pathogens in all cases. Linezolid is 31% protein bound. Linezolid given at the same dosages
intravenously achieves higher Cpin and Cpax concentrations. The major pharmacodynamic
parameter to predict efficacy of linezolid is the time above the MIC.

Based on the pharmacokinetic/pharmacodynamic characteristics of linezolid, in-vitro
susceptibility test information from the literature and as provided by the applicant for linezolid
against the target pathogens, and clinical outcome data the following dilution and disc diffusion
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susceptibility interpretive criteria are applicable. The error-rate-bounded method was not used to
correlate the MIC with a disc diffusion zone size because of the fact that there are no isolates of
Staphylococcus spp, S. pneumoniae, and Streptocoecus spp. other than S. preumoniae that are
known to be resistant to linezolid at this time. In the case of the enterococci there were 15
incidents of linezolid resistance reported during clinical trials (14 E. faecium, | E. faecalis). This

is not a sufficient enough number with which to establish resistant breakpoints for this group of
organisms.

INTERPRETIVE CRITERIA FOR SUSCEPTIBILITY TESTING OF STAPHYLOCOCC us
SPP.

MIC /mL Interpretation
<4 ' Susceptible

Zone Diameter (mm) Interpretation
>21 Susceptible

INTERPRETIVE CRITERIA FOR SUSCEPTIBILITY TESTING OF STREPTOCOCCUS

PNEUMONIAE
MIC (ng/mL) ’ Interpretaion
<2 . Susceptible
Zone Diameter (mm) Interpretation
> 21 Susceptible

INTERPRETIVE CRITERIA FOR SUSCEPTIBILITY TESTING OF STREPTOCOCCUS SPP.
OTHER THAN S. PNEUMONIAE

MIC (ng/ml) Interpretation
<2 Susceptible
Zone Diameter (mm) Interpretaion
>21 - Susceptible
INTERPRETIVE CRITERIA FOR SUSCEPTIBLITY TESTING OF
ENTEROCOCCUS SPP.
MIC (ug/mL) Interpretation
<2 Susceptible
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Zone Diameter (rrim) Interpretation

No zone diameter could be determined from the data.

From the microbiological perspective the applicant has provided
pharmacokinetic/pharmacodynamic information, in-vitro susceptibility data and clinical
pathogen eradication and clinical cure data that support using linezolid for the following specific
clinical infections when the above noted susceptibility interpretive criteria are used.

Infection* Oral Dosage Duration of Treatment (Consecutive Days)
Nosocomial pneumonia, 600 mg bid 10to 14
including concurrent
bacteremia
Community-acquired 600 mg bid - 10t014

pneumonia, including
concurrent bacteremia

Complicated skin and skin 600 mg bid 10to 14
structure infections,

including concurrent

bacteremia

Vancomycin-resistant

enterococci (VRE) _

infections 600 mg bid 14 to 28
including concurrent ' '
bacteremia

Uncomplicated skin 400 mg bid 10to 14
and skin structure :
infections

» Due to designated pathogens: Enterococcus faecalis (including vancomycin-resistant strains),
Enterococcus faecalis (including vancomycin-resistant strains), Staphylococcus aureus
(including methicillin-resistant strains), Streptococcus agalactiae, Streptococcus pneumoniae
(including penicillin-resistant strains), Streptococcus pyogenes

The following organisms may be included in the second list in the package insert.
Staphylococcus epidermidis (including methicillin-resistant strains)
Staphylococcus haemolyticus

Viridans group streptococci

Page 94 of 108

R R RRRREREERE i Em—————




DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 REVIEW DATE: 11/15/99
REFERENCES
1. Noskin, GA, F Siddiqui, V Stosor, et al. 1999. In vitro activities of linezolid against

important Gram-positive bacterial pathogens including vancomycin-resistant enterococei.
Antimicrob. Agents Chemother. 43: 2059-2062.

Eliopoulos, GM, CB Wennerstein, HS Gold, et al. 1996. In vitro activities of new
oxazolidinone agents against enterococci. Antimirob. Agents Chemother. 40: 1745-1747.
Zurenko, GE, BH Yagi, RD Schaadt, et al. 1996. In vitro activities of U-100592 and U-
100766, novel oxazolidinone antibacterial agents Antimicrob. Agents Chemother 40: 839-
845.

Mason, EO Jr., LB Lambreth, and SL Kaplan. 1996. In vitro activity of oxazolidionones U-
100592 and U-100766 against penicillin-resistant and cephalosporin-resistant strains of
Streptococcus pneumoniae. Antimicrob. Agents Chemother. 40: 1039-1040.

Jones, R, DM Johnson, and ME Erwin. 1996. In vitro activities and spectra of U-100592
and U-100766, two novel fluorinated oxazalidinones. Antimicrob. Agents Chemother. 40:
720-726.

Brickner, SJ, DK Hutchinson, MR Barbachyn, et al. 1996. Synthesis and antibacterial
activity of U-100592 and U-100766, two oxazolidinone antibacterial agents for the potential
treatment of multi-drug resistant gram-positive bacterial infections. J Med Chem 39: 673-
679.

Shinbarger, DL, KR Marotti, RW Murray, et al. 1997. Mechanism of action of
oxazolidinones: effects of linezolid and eperezolid on translation reactions. Antimicrob.
Agents Chemother. 41: 2132-2136.

. Kaatz, GW, SM Seo. 1996. In vitro activities of oxazolidinones compounds U-100592 and

U-100766 against Staphylococcus aureus and Staphylococcus epidermidis. Antimicrob.
Agents Chemother. 40: 799-801.

Jorgenson, JH, ML McElmeel, And CW Trippy. 1997. In vitro activities of the
oxazolidinone antibiotics U-100592 and U-100766 against Staphylococcus aureus and

_ coagulase-negative Staphylococcus species. Antimicrob. Agents Chemother. 41: 465-467.

10.
11,
12.
13.

14.

Swaney, SM, DI Shrinagarger, RD Schaadt, et al. 1998. Oxazolidinone resistance associated
with a mutation in the peptidyl transferase region of 238 rRNA. In Abstracts of the 38"
Interscience Conference on Antimicrob. Agents Chemother. (#C104). Amer. Soc.
Microbiol., Washington, DC.

Murray, RW, RD Schaadt, GE Zurenko. Et al. 1998. Ribosomes from an oxazolidone-
resistant mutant confer resistance to eperzolid in a Staphylococcus aureus cell-free
transcription-translation assay. Antimicrob. Agents Chemother. 42: 947-950.

Ninio J. 1996. Gene conversion as a focusing mechanism for correlated mutations. Mol
Gen Genetics 251: 503-508.

Zurenko, GE, WM Todd, B Hafkin, et al. 1999. Development of linezolid-resistant
Enterococcus faeczum In two compassionate use program patients treated with linezolid. /n
Abstracts of the 39" Interscience Conference on Antimicrob. Agents and Chemother. (#848).
Amer. Soc. Microbiol., Washington, DC.

Linden, P, D Parkinson, AW Pasculle, et. al. 1999. Isolation of a vancomycin-resistant
enterococcal strain with reduced susceptibility to linezolid. In Abstracts 39™ Interscience

Page 95 of 108




| DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 REVIEW DATE: 11/15/99

* Conference on Antimicrob. Agents and Chemother. (#1105). Amer Soc. Microbiol.,

15.

Washington, DC.
Rybak, MJ, DM Cappellerty, T Moldovan, et al. 1998. Comparative in vitro activity and
postantibiotic effect of oxazolidinone compounds eperezolid (PNU-100592) and linezold

- (PNU-100766) versus vancomycin against Staphylococcus aureus, coagulase-negative

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

staphylococci, Enterococcus faecium. Antimicrob. Agents Chemother. 42: 721-724.
Stalker, DJ, CP Wajsczczuk, DH Batts. 1997. Linezolid safety, tolerance, and
pharmacokinetics following oral dosing twice daily for 14.5 days. In Abstracts of the 37"
Interscience Conference on Antimicrob. Agents and Chemother. (#A115). Amer. Soc.
Microbiol., Washington, DC.

Stalker, DJ, CP Wajszczuk, DH Batts. 1997. Linezolid safety, tolerance, and
pharmacokinetics after intravenous dosing twice daily for 7.5 days. In Abstracts of the 37%
Interscience Conference on Antimicrob. Agents and Chemother. (#A116). Amer. Soc.
Microbiol., Washington, DC.

Ford, CW, JC Hamel, DM Wilson, et al. 1996 In vivo activities of U-100592 and U-
100766, novel oxazolidionone antimicrobial agents against experimental bacterial infections.
Antimicrob. Agents Chemother. 40: 1508-1513.

Bostic, G, MB Perri, LA Thai, et al. 1995. Comparative in-vitro and bactericidal activity of
oxazolidinone antibiotics against multidrug resistant enterococci. In Abstracts of the 35™
Interscience Conference on Antimicrob. Agents and Chemother. (#F219). Amer. Soc.
Microbiol., Washington, DC.

Lin, AH, RW Murray, TJ Vidmar, et al. 1997. The oxazohdlnonc eperezolid binds to the
50S ribosomal subunit and competes with binding of chloramphemcol and lincomycin.
Antimicrob. Agents Chemother. 41: 2127-2131.

Mercier, RC, SR Penzak, and MJ Rybak. 1997. In vitro activities of an investigational
quinolone, glycylcycline, glycopeptide, streptogrammin, and oxazolidinone tested alone and
in combination against vancomycin resnstant Enterococcus faecium. Antimicrob. Agents
Chemother. 41: 2573-2575.

Methods for the Dllutlon Antimicrobial Susceptibility Test for Bacteria that Grow
Aerobically - 5" ed; Approved Standard. NCCLS document M7-AS. NCCLS, Wayne, PA.
Performance Standards for Antimicrobial Disk Susceptibility Tests; Approved Standard — 7%
ed. NCCLS document M2-A6. NCCLS, Wayne, PA.

Biedenbach, DJ, and RN Jones. 1997. Disk diffusion test interpretive criteria and quality
control recommendations for testing linezolid (U-100766) and eperezolid (U-100592) with
commercially prepared reagents. J. Clin. Microbiol. 35: 3198-3202.

Andes, D, O Vega, D Batts, et al. 1996. Phannacodynamw activity of an oxazolidinone in
an animal infection model. In Abstracts of the 36™ Interscience Conference on Antimicrob.
Agents and Chemotherap. (#F233). Amer. Soc. Microbiol., Washington, DC.

Schulin, T, C Thauvin-Eliopoulos, RC Moellering, et al. 1999. Activities of the
oxazolidinones linezolid and eperezolid in experimental intra-abdominal abscess due to
Enterococcus faecalis or vancomycin-resistant Enterococcus faecium. Antimicrob. Agents
Chemother. 43: 2873-2876.

ATTC® is a trademark of the American Type Culture Collection, Manassas, VA.

. Page 96 of 108




/I page(s) of
revised draft labeling
has been redacted
from this portion of
the review.




DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA#: 21-131 REVIEW#: 1 REVIEW DATE: 11/15/99

=

S .l/zo/q'é
* Fred Marsik, Ph.D. {
Review Microbiologist

cc: Original 21-130
HFD-520 Divisional File Concurrence Only
HFD-520/MO/D Ross

HFD-520/MO/J Soreth /S/ 7Y
HFD-520/Micro/ F Marsik HFD-520/Dept/Dir/l Gavrilovich
HFD-520/Chem/J Timper :

HFD-520/Stat/E Brittain / S/ 2 P\ p\Nan
HFD-520/Pharm Tox/K Seethaler HFD-520/TL/Micro/ A T Sheldon, Jr.
HFD-520/BioPharm/J Zhen BD Initiated 3/12/00, Binal 3/18/00 CATF

HFD-520/CSO/Duvall-Miller

Page 108 of 108




